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‘1’llc  N4ats  l’nthii]]dcr m i s s i o n ,  sulIcdulcd  foJ launch il] I) CCCINIW, 1 ‘)90,

w i l l  lIsc aII ail  b:iq, syslcln to s:tfk.ly  dclivcl d J:\ IIdc I to Ihc h4artiall stwfacc.

‘1’lic airhy, laldillg  systcm  ]Ias UIKlCI p,onc a cc~lll])l~’l]c]lsil’c  Icst I)mp,IiII  II
durinp  i t s  cl’olu[io]l from illili:ll dcsip,l)  ])l]asc 10 final qu:ililication  a n d
acccptalicc  Ics[in?,. ‘1’his systcI~l  lvas cxtcnsi~’cly  ills[rutnc]]td  dul il)p, I}IC
prototype. drop test pmp,Ia In at NASA 1 cwis Research (kIItcI’s l)lutn

llmok  S t a t i o n  10 povidc  d;ita  011 ai]lm[’,  ]ICI foIIIIatIcc :Ind kincmatica]
]notion  of the laTIdcl. ‘J’cst  all(i  an{ilysis  ol]jcctivcs  for this test sc]ics
includd  mcasurinp,  12ndcI accclclatio]]s,  :Iitbaf’, tcndo]I  f[)rccs, :Ind aitt):if,
]>rcssl]rcs  aIId Icmpcl:ilurcs.  ‘1’llis lI:I]ICI olitli]lcs  t h e  t e s t  ap])IoaclI l]sc(l iii

llIc aiibag  dcvclopIIicIIt  l) IOF,I:IIII, dcsc]ilws the (l:Ito a c q u i s i t i o n  systcm

Nsed 1 0  obitiil] aIId cvdlu:ttc ai]lxi{’, pcrl’OIIIln  IIce cI:I(2, :IIId ])rcscI)ts Ics(

1 Cslllk,

lN’1’I<OJ)IJ(:’J’ION”
‘1’llc  h4n1s  l’atlIljt IdcI n]issiotl is p:II[ of tlIc l)isuovcrj’  l’lo~I,IaII] , a N;itio]]al  Aciol~;]utic:;

aIid Sp:Icc A(l]lli]listl.:ilio]~  ( N A S A )  i[litiatii’c l~~r n IICIV cl:iss oi’ smallc  I lllissiol)s  utili~i~l~~,  t he
“fwkl, ktk’1> Cll(’[q)cl” al)l)toacl  I 10 IIla Iic(:LIy  vxploI atio}l. 11s pI if)ci]ml m i s s i o n  obirutivc  is [0

dcnlotisltatc a silnplr,  lcliabic,  :tml lo~v-cwst  systcIIl fm placil~p,  a scientific piiylwd  on tlIc sut fact:

of A4a13. l’ath~indcl  is cuIIcntly schcdulcd (0 k l: III I)cl  Icd  fIC)III  :1 l)c]ta 1 1  la LIncl  I J ’ c h i c l e  ill

1 )cccIIlbcI  1 9 9 6 ,  aIid allcr an  cip,ht  11101111) CI uisc laIId OII h4ars i]] .luly 1997.  l’latlt]cd l’athf~tidcr
. . .,.

:Ictlvltlcs  on N4[1rs  ]ncltidc  :Icqlllsltlon  01 .s(llfacc  lm:I[’,cs; dc])loymicl’lt  0 1  [i ]nic]otovrf;  [III(;I

suicl](ific ij]vcsli:,a(ions  of’ Ihc h4a]tia]i  :ittnos])l]ctc, IIIctcoIolop,y, :111(?  Sulfacc C’lclllcl)tal

colll]msitio]l.  ‘1’hc l:Illdcr  porlio]l  o f  tllc spacccIaf[  it] tlIc dv])loycd  surf:lcr  co]lfig, uration  is
dcj~ictc(i  l;ip,mc  1.
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l~li~llf  Syslcm  l)mp “J’csfing
lrlcoll:il)ol:ttioll  witlll](’  l)ovcf lfIc,, .lI’1, t)cym [l much III()]C cxtcnsivc  scIics of drop

tcstsoll  full scalc]notoiypc  airbap, systcl~lsl)cp,illllil}p,  it] April 1995. ‘1’his sclics oftcsts  had t h e
foll[)lvillg~,  ol>jcctivcs  f(~t’ all airbap, Iandillp S>’stclil  o]wlatinf,  Ill)dcl  h4:11  tiall ;Iln},icnt Co]l(litio]]s:

● 10 nlcasuir  lander accclcr:ltiolls,  aillmp  tcf]don f o r c e s . and :iil-imp, plcssurcs  and
tml”)cl’alllIcs

● to tissrss the ailba~  bladder dcsip,n  a]ld f:ll>ric  ntwasioll resistance pmpcv[ics
● to dctmnim  Ihc fkqucncy  and llm~,llitu(lc  ofthc  landin[’  mcit:l[io]]
● 10 USC Ihcsc  prololypc  test Icsults  to dil~’ct  s\llw(]llcIIt  dcsip,l)  n)()(ii{icatiol)s
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l:or the initial dIops, tlIc :iirl~ap,/l:tll(lcI  system  ftvc-fell vcr[ical]y  to a holimlltal  surf  act

itl]pactcd  vcrlical]y  onto  Ihc inclined platfolm  Ivith  ll]c lock  field. ‘I’l Jc 60” inclined ]~latform
silllulatcs  tl)c dcsip,tl  lalldil]~],  co]lditio]l o f  30’ ljith lcs]wct  10 tlIc  h4dl[iall  Slllf[lCC,  all(l  t h e  rock

ficl(l  simulaics  the best cstimalc  of the actual  h4ar[iail  surfiicc Iock  dis(l-iblltion based 011 Vikinp,

laII(lcrd:Ita. ‘1’0 compmsatc for t h e  l o s s  of(l]ophcip,l)l”  causcxi  by t h e  ]Il:itfoIIII, lli~,llc]  velocity
ilnpac(s  WC]C assisted by t>un~],cc cords tied to tl]c bottom of tllc ]andcr.  All drops took place [it
])lcsslll  csc)f:t]~lll()xi  l]]:ltc1y5  t()11,h4: tl[i[ii]sLlt  f:icc:ill]  l)ic]ltcc)l)cl  iti(Jtls.  ‘1’llc(lroptcst  Setu]>witll

the illc]imx]  ])]atfol”tll  is dcpictcd  l:ip,ulc  d.

‘1’:iblc  1  be low sumn}ari7cs  Ik flip.hl  systc]ll tcstil}[~, oftllc :lirlm~’,  lai}dir)[’  system  ulldcr
v:llio[ls  t e s t  c o n d i t i o n s . ‘1’llcsc  prototy]w (Icvclol”llllcllt  tcs(s  I){IVC Sllmssfully ICC] to arl

()])tilllix,c(l  dcsip, n for Ihc flip,lll  airba~  latldiil[j,  systrlll  to l)C Ilscd on thr h4ats  l’ath{illdcr

spticcclaf[,  ‘1’IIc  fitlal  (]ll/llific:lti  oJ]/:lccc]>t2111cc  tcs[inp,  for fli[],l]t  :tirbap, lal}ding Systcl)l  took plncc  :11.

NASA  l,c}~isl <csc:licll(;  cl]tcl'sl'l~  llltl]l(  )()kSt:i li()]~illA]~lil  1996.





lNS’J’1<IIN41;N’1  ’A”J’10N  ANJ) I) A’1’A A(:QUJS1’1’10N
‘J’llc  A4ars l’a[hfi]~der airhg landin[l,  syslc]ll was  extetlsivcly  instmmcl]td  du]in?, Ille

pmtoly]w  dmp Icsl pto:,ram 10 prolidc  dat:I  OH ai~-hp,  ]ICI forIIIIIIIcc awl kil]cmatical  motion  of

Ilw lan(lcr. ‘I’M and all:llysis objcclivcs  itlcludcd mc:lsu] irlp,  lal](iel :Iccrlrralions,  oIlc SCI of niltmp,
tcldon form, an(l ail ba~, ]-WSSUI’CS  [III(1 tOll]KI~t  11! Cs.

l)~tli]  Acquisition Rcquircmcnts
1 lcc.ausc Ihc ])athfindu  ]andcr/aidxip, systcm  was to k-’ tested utdcr unusual  al)d I’c]ative]y

harsh  cl]l’iiolltllc11t2tl  conditions, stalidad lccoldil)p, equipment aIId data acquisition techniques
could not bc used. Spccifica]ly,  Ihcsc test conditiojls  Icqllitcd  utili7iil~,  a rup,p,cdi7cd, ]mrlablc  data

a c q u i s i t i o n  systcm  able to nmotely  opctate under  hip,l]  p, loads aTId low tcmpcmtuws  i]l JIC:II

V: ICLIUIN Collditio]ls.  ‘1’hc Icsl au~l atla]ysis obicctiws  ncccssitdtc(i  utili7illp,  a lol)llst, ]nultichanllc]

dip, ital da ta  rccordm capab]c  of rccordi]]p,  data  i’IOJn  a valicty of’ tIaIIsduccI’ t y p e s .  ‘1’hc d a t a

acquisitio  Il systcm’s  functional rc(]uircnlcnls  :IIC  sulnlnariml in ‘1’able II.

‘1’:~b]c 11: l)ata  Acquisition l<cquircmcl)ts Sun]mary
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Recording Sysfcm
A survey  of clcalms  in the data ac(luisitiotl fjcld uncovcIcd  only two vendors both fIOm

an au[omotivc  indus t ry  backp, toutl({- havillfj p roduc t s  jmtrlltially captib]c  of mmlinpl  Ihcsc
requirements, AftcI rcceivin~),  b ids  f rom bo th  l]l:iljllfilctlllc~s, cop,ni7ant  Icst pe r sonne l
ICCOII)InCIIdCd prOCNICInCIIt Of the S(~h4at/l<obcl[  A .  l)cIItoII liic. IIltcllif,cnt  lJuimmy l)ata
Acquisition  Systm (llll)AS), asystcm  oli[~,i]]:illy( lcsi:~,rlc(l  ll)l:i[~tl~rol>  o~~lor~>l]ictcst  dummies
used in automotive clash testinp,. ‘1’his systcIII  was SCICCIC(I  based  011  IIIC fbllowil]p, twllnica]
merits:

* compact sizcancl  lo~~’]lolicrcol  ]sllrlll>tiol~
“ llip,ll  lllllllt>cr  ofcllaTlllcls  filldl:llg,cs  lor:l[Jcc+  lj3:~city
● rol>llst,vftli:llllc samp]cratcs
●  [311ilt-itl  si/,llal  c(~ll(liti()lli  tip, :~ll(lfiltcrit~f,
●  13 Llilt-itl  allalc)g,  t(l(lip,it:ll  cotl\clsioll

●  bllilt-it-l  sllLltlt  c:~li[>latiotlc: l~3:i13ilit>
● user fricldly  sof[walc  intcrfhcc

‘I’l~cl  l)l)AStccl~llical  s]~ccific:~ti()  I~s:ilcs  llt~lt~ltlliz, c(litll; i{~,llIc5,: 11-1(1:{] >ictlll-c()f  itsil~st:lll:l  ti()t}ill

the lan(kr  is p,ivcm in l;igure 6.
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l~igurc  6- lI)I)AS ITIs[allcd

‘1’JIc 1] )])AS uxorclcr  was  contjp,lld  to san)p]c all datzi cl)al]ncls  at 100001 IY, and antialias  ii]tcr

10 1000117. ‘1’llis still allowed for 26 scc of rccod  time with ftcqucllcy  content up to 10001 [7,
for MCI] channel. 1 )urin~,  fhe initial drops, conscnwti~w full-sc.alc values for each clmnnc]  WCIC  also
sclcctcd to allow for sufficient “hcadrmm”  in the data; Ihcsc wlucs  tvcrc tllcII  rcduccd  with Il)c
later drops. ‘1’hc slar[ of (iata acquisition al]d tililc sy]]cllr(lfli72tioI]  with the systcm clock Jvcrc
initiatd  with the lander drop signal.

‘1’lm’l’  l{lCSII1  ,’1’s
‘1’l~c  11 )I)AS and its co]nplc]l)cnt  of ttansduwrs  successfully Inct its test objcctivcx  by

acquirinp,  .fi41/ data sets ot” l:indcr accc]crations,  airbap, tmdon forces, and airbap, pressures :iIId
tcmpcraturcs for all drops  in Ihc prototype test sclics.  l<cptcsentative  time histmics f’rom drop  1
for accclcration,  force, and pmsurc  data arc displayd  in l:ip,ules 7, 9, ad 10 rcspcclivcly.

Kincmafic A n a l y s i s

A kcy objcctivc.  for this test prop,ram was to dctcminc lhc nlaf,nitudc  and f’rcqucncy
co] Itcnt  aIId of the landi]lp, cxcitatio]]. ‘1’owird this cIld, the lal]dc] base petal w:ls inslwlncl~td  10
pmvidc an ol~cl(lctcr[]litlc(l  scl of lriaxial accclcromtcr  madinp,s, thctcby  makinp,  it possible 10

rcco]]s(ruct Ihc molio]] ofthc lander cmtroid in all three (Iimcl)sions usinp,  the laws of rip, id body
kinematics. ‘1’hcsc  acceleration lime histories u’c.rc tllcIl  numcrical]y  intcp,ratcd usinf, a time

stepping, al~~,orithnl  10 yield lhc plots SII{)WH in l;ip,urc 11 of the Ir:ljcclory,  dispalccn.lc]]t,
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l’i~,tlw  9- Aidmp,  ‘I’c IIdoII lL)I cc

wlocity,  acceleration, an(l anp,ula?  wlocity  oftl  Ic lamlcr ccntroid  in at] incr[ia]  frame ofrcfcrcncc.
lrom this analysis, Ibc resultant lanolin:, load dcrivd  from a worst-case combitlation of tbc
translational and rotational componmts  wws consc]\ati\cly  boumlcd  [it approximately 40 p,. ‘1’hc
frequency content of tbe laI~di  Ilp, excitation wws (Ictcrlnitlc(l  from l;ol]ricr  ‘1’r:insforms  of tbc

acmlcrtition  time bistorics, as shown by Ibc rcprcscmtativc  plot i]] ];ip, ure 8. ‘1’hc predominant

cl Icrp,y  lobe for this excitation occurs  a( frcqucncics  bclo}v 1 () 117,, implyin~,  lander bar(ilvarc  coul(l

bc lcs(cd (]ll:lsi-st:]tic:ill>~.



Trajectory of Centrmd  (Drop 10)
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{concluding  Rcmarlks
‘1’lw capability to acquiw  high fidelity dynamic data for a fmc-falling  test article  utili~inp a

pmlab]e  dala  a c q u i s i t i o n  systcm ab]c 1 0  rcmOtcly Opcralc u n d e r  demandinp, c]]~ilolltllcllt[ll

mndit iOns has been dcmOnstratcd. ‘I’llccxtcllsitcc izlt:is  ctl>roii(ie(i  by thisaccluisition  systcm

duling, the prOlOtypc  dmp testing, 01’ h4a13 l’alhiindcr was i]lvaluab]c  in tbc dcvcl  Opmcnt and

evaluation of the airbag landin[’,  system. ‘1 ‘hc fbrcc,  pressure, and tcIHpmt  UIC data chaIactNi7c Yl
h pmfmmancc  Of the airba!,s  awl its tcndOn at(achmcnts;  tbc accclcratiOn  data clmrctmid  Ihc
l:ill(iill[J,excitatiOll  asalli@g,,l Ow i’lcc]llcllcyc;’ellt.

I


